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FORSTOia)  •  ' 

Sections  of  teo  v.i-ing  hinge  fittings  from  the  Japanese  "Frances" 
-ff466  aircraft  vrere  received  at  Battelle  Memorial  Institute  from  the 
Technical  Air  Intelligence  Center,  Anacostia,  D.C.,  for  metallurgical 
examination.  The  fittings  numbered  CEE  27047  ani  27048  •'//ere  assigned 
BHI  IJos .  842  and  843,  respectively.  The  "Frances"  is  a  I'lavy 

operational  torpedo  bomber,  di’/c:  bomber,  and  reconnaissance  plane, 
which  TAras  manufactured  by  I'T8.kajima  Hikoki  K.K.  in  ^’ebruary  1944. 

SUI:iMARY 

The  only  steel  parts  of  the  v/ing  hinge  fittings  exa-mined  were 
the  spar  fittings  which  were  forged  and  machined  from  SAE  .X-4130  and 
3335  types  of  steel.  The  SAR  S-4150  was  manufactured  in  a  basic  open- 
hearth  or  electric  furnace  with  Si  as  the  deoxidizer.  The  SAE  3335 
was  acid  electric  furnace  type  steel  and  was  deoxidized  with  Al.  The 
use  of  alloy  scrap  in  the  fur'/ia-ce  charges  was  suggested  by  the  high 
residual  Ni  in  the  SAE  a-4130  and  Mo  in  the  SAE  3335.  The  steels  were 
of  aircraft-quality  cleanliness.  Both  spar  fittings  v/ere  quenched  and 
tempered, and  had  tensile  properties  which  'were  normal  for  the  particular 
materials  and  haronessos.  These  parts  were  coa'bod  with  a  black  ■phenolic 
resin  ’varnish  over  a  red  iron  oxide  primer. 

The  other  parts  consisted  of  Al  alloys  of  the  Alcoa  X76S,  243, 
17S,  and  A108  types  in  the  form  of  extrusions,  flat  and  bent  shoot,  a 
forging,  and  a  casting.  All  of  those  parts,  with  the  exception  of  the 
Alcoa  A108  type  casting  which  v/as  in  the  as-cast  condition,  wore  solution 
heat  treated  and  aged;  one  of  the  spar  soctions  was  ovoragod, .  The  heat 
treating  practice  was  fair,  except  in  a  few  parts-  in  ■which  GuAlp  'was 
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incompletely  dissolved. '"^oma' of  the  Alcoa  X76S  and  24S  type  sheet  ^vere 
clad  with  material  similar  to  0;1%  Si-0.5^.  Mn-l.OOJ?  Mg-Al  base  alloy.* 
The  cladding  material  thickness  on  each  side  vra,s  approximately  of  the 
total  thickness  of  the  sections  which  ranged  from  0.081"  to  0.101", 
v/ith  one  exception  which  vra.s  5^.  Ho  diffusion  was  visible  between  the 
core  and  the  cladding.  Anticorrosion  protection  was  achieved  by  the  use 
.of  combinations  of  cladding,  anodic  coatings,  and  paint;  most  of  the 
parts  were  protected  by  all  three  coatings.  There  was  no  evidence  of 
corrosion  on  any  of  these  parts. 

Except  for  the  spar  fittings,  which  were  manufactured  from 
different  types  of  steel,  the  same  respective  parts  of  the  tv^^o  wing 
hinge  fittings  vrere,  fabricated  from  the  same  materials. 

ECOHOHIC  COKS IDE11A.TI0HS 

The  materials  -  in  particular,  the  Alcoa  X76S  tjp)e  alloy  and 

the  types  of  stoel  -  and  the  methods  of  inliibiting  corrosion  used  in  the 

manufacture  of  the  v/ing  hinge  fittings  indicates  the  emphasis  which 

the  Japanese  place  upon  excellence  of  aircraft  parts.  iJo  signs  of  con- 

Alcoa 

sorvation  of  strategic  alloying  elements  were  found  in  the  high  Cu/^i76S 
type  alloy  or  in  the  Hi-Cr  and  Cr-]’o  steels.  The  presence  of  anodic 
coatings  alone,  or  v/i^th  alloy  cladding,  or  with  alloy  cladding  and  paint 
on  the  Al  alloy  parts  suggests  that  the  Japanese  were  v;illing  to  go  to 
gnat  lengths  to  insure  against  corrosion  in  the  v;ing  hinge  fittings; 

Cr  was  used  in  the  Alcoa  X7GS  also  for  this  purpose.  The  iron  oxide 
pr.imer  ^vith  a  top  coat  of  phenolic  resin  varnish  on  the  steel  spar 
fittings  was  .adequate  for  minimizing  corrosion. 

★Cladding  on  R-301  alloy. 
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The  thickness  of  the  alloy  cladding  -  4^  with  the  exception  of 
670  on  one  part  -  was  generally  less  than  that  (5%)  which  would  he  used 
in  the  U.S.  on  these  particular  sections.  The  presence  of  undissolved 
CuAlg  in  some  of  the  parts  suggested  careless  heat  treating  practice. 
The  use  of  different  steels  for  the  spar  fittings  of  the  'bwo  wing  hinge 
fittings  in3.y  be  accounted  for  on  the  basis  of  broad  specifications,  as 
shovm  by  studies  of  captured  Japanese  specifications. 

DISCUSSION  OP  RESULTS 


The  wing  hinge  fitting  sections  as  received  are  sho’wn  in  Figure 


1. 


Type  of  Material 


Analyses  of  the  steel  spar  fittings 
parts  are  presented  in  Table  1.  The  fcrrouis 
50^5  HCl;  the  A1  alloy  parts  in  Flick's  etch, 
hardness  values  of  all  parts  vfero  studied, 
section  and  of  a  clad  spar  web  are  shovm  in  ' 
The  physical  properties  of  the  spar  fittings 
general  data  on  all  parts  in  Table  2. 


and  of  selected  A1  alloy 
parbs  v/ere  rnacroetched  in 
The  microstructuro  and 
Hicrostructuros  of  a  spar 
Figures  2  and  3,  respectively 
are  listed,  together  with 


Paint 


The  blue-green  paint  found  on  several  of  the  A1  alloy  parts  con¬ 
sisted  of„a  modified  phenolic  resin  varnish  with  Prussian  blue  dye. 

The  steel  spar  fittings  were  coated  wi.th  red  iron  oxide  primer  and  top 
coats  of  black  phenolic  rosin  varnish.  Both  types  of  paint  were  fairly 
adhar>ent. 
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Figure  1 
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Sections  of  Wing  Hinge  Fittings  from  Japanese  "Frances"  jf4:66  Aircraft 
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Unetched  37854 

Microstructure  of  Spar  Section  (BI'AI 
842-1)  -  Alcoa  X76S  type  alloy  with 
high  Cu  and  Zn. 


0.5^  HP  -38080 

Microstructure  of  Clad  Spar  ?[eb  (BMI 
842-3)  -  Alcoa  X76S  type  alloy  (with 
high  Cu)  clad  with  0*1%  Si-0.5??  I.5n-1.0?? 
Mg-Al  base  type  alloy. 
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TABLE  1.  AlIALYSES  OF  PARTS  OF  ?iIKG  HINGE  FITTINGS  FROM  JAPANESE  "FRAt'ICES''  f466  AIRCIUiFT 
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